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REMARKS 

Claims 1-7 are pending in this application. Claim 7 is presently withdrawn from 
consideration. By this Amendment, claims 1-5 are amended to overcome Dcushima. No new 
matter is added by this Amendment. Support for the language added to claims 1-5 can be 
found throughout the specification, for example at paragraph [0009]. 
I. Rejection Under 35 U.S.C. 8103ftrt 

Claims 1-6 were rejected under 35 U.S.C. §103(a) as allegedly being unpatentable 
over U.S. Patent No. 4,559,1 19 ("Dcushima"). This rejection is respectfully traversed. 

Applicants submit that Dcushima does not teach or suggest a copper alloy comprising 
second-phase particles represented by Cu-Ti-X system particles, wherein X is selected from 
the group consisting of Fe, Co, Ni, Cr, V, Zr, B, and P, as recited in claims 1-6. 

The second-phase particles recited in the present claims are Cu-Ti-X (X is one of Fe, 
Co, Ni, Cr, V, Zr, B, and P) system particles. In contrast, Dcushima teaches that the second- 
phase particle is Cu 3 Ti (intermetallic compounds). Further, Dcushima teaches that the anneal 
is performed at a temperature which is lower than both the solid solution-forming temperature 
and the recrystallization temperature (500 to 700°C for 1 to 20 hours). This is important for 
the precipitation of a fine and uniformly distributed secondary phase. See column 2, lines 39- 
51 of Dcushima. 

Submitted herewith is an article entitled "Aging of a Cu-4 % Ti Alloy and Annealing 
Behavior after Cold-Rolling," ("the Article") which shows a structure of a sample of a Cu-Ti 
alloy as taught by Dcushima but containing 4% of Ti as recited in the present claims. This Cu- 
Ti alloy was aged at 600°C for 3 hours, which is within the range taught by Dcushima. See 
Photo 3. and page 83, lines 10-16 of the Article. 
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At page 83, lines 10-16, the Article reads: 

"Photo. No. 3 shows a structure of a sample, which was aged at 
600°C for 3 hours. It is observed in Photo. No. 3 that layered 
discontinuous precipitated matter coarsely grown and the direction of 
growth is different every crystal grain. 

In the sample aged at 600°C for 3 minutes, layered discontinuous 
precipitated matter which was grown to about 0.2 jam along a part of grain 
boundaries of a sample was observed. In the sample aged at 600°C for 54 
minutes, coarsely grown layered discontinuous precipitated matter covered 
about 90% area." 

The Article further describes that "Area rates of discontinuous precipitated matter 
formed in aging at 450°C and 600°C were obtained by observation with an optical 
microscope, and the result thereof was plotted with respect to aging time in Fig. 2. 
Comparing the variation of the average hardness of the entire surface of the sample, which is 
shown in Fig. 1, the hardness did not increase from the timing at which discontinuous 
precipitated matter with about 2% was observed in both aging at 450°C and 600°C. When 
the area rate of the discontinuous precipitated matter reached to about 4%, the hardness 
started to reduce, and the hardness rapidly reduced according to great increase of the area rate. 
When the area rate reached to 80% and the area gently increased therefrom, the hardness 
gently reduced." See page 83, lines 1-12 under Fig. 2 of the Article. 

The Article clearly teaches that a sample of Cu-Ti alloy aged at 600°C for 3 minutes 
would form layered discontinuous precipitated matter which could be grown to about 0.2 ^im 
along a part of grain boundaries of a sample; and in a Cu-Ti alloy sample aged at 600°C for 
54 minutes, coarsely grown layered discontinuous precipitated matter would cover about 90% 
area. 

Applicants thus submit that if aging of the Cu-Ti alloy were to be performed at 600°C 
for 3 hours as taught Hcushima, the area rate of the discontinuous precipitated matter would 
reach to be about 90% as shown in Photo. 3 and as described in the Article. This would result 
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in over-aging, whereby the hardness would be lowered, and fine precipitated matter which 
inhibits growth of crystal grain could not be obtained. 

Therefore, Applicants submit that the fine crystal grain obtained in and taught by 
Dcushima did not result from the second-phase particle (Cu 3 Ti), but instead resulted from the 
adjustment of the temperature and the time of heat treatment. 

As explained above, Applicants submit that the second-phase particle recited in the 
present claims is different from second phase particles taught by Dcushima. Furthermore, in 
the production condition (annealing condition) taught by Dcushima, the obtained crystal grain 
is coarse, and a fine grain cannot be obtained. As such, Dcushima does not teach or suggest 
the copper alloy recited in the present claims. 

For the foregoing reasons, Applicants submit that Dcushima does not teach or suggest 
all of the features recited in claims 1-6. Reconsideration and withdrawal of the rejection are 
thus respectfully requested. 

II. Rejoinder 

It is respectfully submitted that in accordance with MPEP §821.04, if product claims 
are elected and subsequently allowed, rejoinder of non-elected process claims which depend 
from allowed product claims will be permitted. Accordingly, Applicants submit that upon 
allowance of elected claims 1-6, non-elected claim 7 should be rejoined and similarly allowed 
as claim 7 is the method of producing the copper alloy recited in claims 1-6, and depends 
from claim 1 . 

Thus, withdrawal of the Restriction Requirement is respectfully requested. 

III. Conclusion 

In view of the foregoing, it is respectfully submitted that this application is in 
condition for allowance. Favorable reconsideration and prompt allowance of claims 1-7 are 
earnestly solicited. 
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Should the Examiner believe that anything further would be desirable in order to place 
this application in even better condition for allowance, the Examiner is invited to contact the 
undersigned at the telephone number set forth below. 

Respectfully submitted, 
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Ageing ot a Cu-3.87 wt# Ti alloy and- annealing behavior after cold-rolling were studied 
by hardness measurement, optical and transmission electron microscopy. The results are 
summarized as follows ; 

( 1 ) In early stage of ageing, a modulated structure was observed and it grew larger 
with ageing time. The formation and growth of the modulated structure caused 
remarkable Increase of hardness. In later stage, discontinuous precipitates at grain 
boundaries grew into the grain with depletion of the modulated structure. 
Development of the discontinuous precipitates mainly caused over-age softening 
of this alloy. 

{ 2 ) On the specimens cold-rolled after solution-treatment, age-hardening accelerated 
and maximum hardness during ageing increased with cold-rolling. 

(3) Hardness of the various aged specimens showed* a similar change during 
annealing after a fixed cold-rolling ; it increased in early time of annealing and 
then decreased. The increment of hardness became larger and softening rate became 
faster with, cold-rolling. 

(4) The aged and, .then cold-rolled specimens showed considerably- higher value of 
hardness In early stage- of annealing and slightly lower, value in later stage than 
the solution-treated .and then cold-rolled specimens on the same degree of 
cold-rolling. 

( 5 ) Discontinuous precipitates or new subgrains preferentially nucleated at old grain 
boundaries and at sharp deformation bands during annealing of the specimens 
cold-rolled after solution treatment or ageing. « 
Softening of those specimens are due to both the formation and' growth of the 
. discontinuous precipitates and proceeding recrystalligation^ 
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Photo. 1 Change in optical micros tructure during ageing at 450 C C. Precipitates nucreate at- 
grain boundaries and grow into the grains with ageing time. 
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(b) 300*01318 hr age 




Photo. 2 Transmission electron., micrograph 
of the specimen aged at 450° C for 18 
min. " 

Small lameller discontinuous preci- 
pitates along the grain' boundaries and 
intra- crystalline fine structure, * 



(c) 450°O3 hr age 





Photo. 3 Transmission electron micrograph 
of the specimen aged at 600°C for 3 
-hr. Large discontinuous precipitates 
grown on the (111) matrix plane. 



(d) 600° 06 min age. 



Photo. A Transmission electron micrographs of 
as-queneh specimen and various .aged 
specimens, indicated above, 
(a) shows some bending contours, but 
not any characteristic structure, (h), 
■ (c) and (d>- show a characteristic 
"modulated structure" respectively. In 
(c), the traces are parallel to (001) m 
and (110) m and in (d), the tra. ces are 
parallel to .(001)* and (010) m. It is 
shown that higher ageing temperature 
or longer ageing time give larger mo-, 
dulated structure. 
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> 1 Change in hardness during ageing at 
300°C> 450°G and 600°C. 

Solid circles show average values 
measured from all over the specimen 
with 500gr load. Opencircles, average 
values from the modulated area of the 
specimen with 200gr load. 
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Fig. 2 . Change in amount of the discontinuous 
precipitates with ageing time. 
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Fig. 3 Change in hardness during ageing at 
450°Q of the solution treated and vari- 
ously cold-rolled specimens. 
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Photo, 5 <a> : Optical micrograph of the spe- 
cimen solution-treated and cold 
rolled 60#; shows sharp defor- 
- raatton figures, 
(b) : Optical micrograph of the spe- 
cimen aged at 450 °C for 24 hr 
after the treatment indicated in 
(a), shows increased width of 
some old grain* boundaries or 
sharp deformation, bands,, and 
other, smooth area. 
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<d5 450°C-167 hr age 
Photo. 6 Change in transmission electron 
roicrostaicture during ageing at 450 
°C of the specimen solution-treated 
and cold-roiled 6096* 
(a) : many dark hands. 
(b> ; discontinuous precipitate* and 

small new subgrains in the vicinity 

of the dark hands. 

(c) : discontinuous precipitates nucle- 
ated within the grain. 

(d) : large discontinuous precipitates 
and small new subgrains in the 
long aged specimen. . 
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Fig. 4 Change in hardness* during annealing 
at 450*C of the specimens aged for 
verious time, at 450* C and cold-rolled 60 
or 90# 



rj] 



0 6-1 0- 



1 ; 1 6 : 1 7 



;3&«l. P. o. 



O I i f f & Berrige 



; 03-3 53 5-39 0 9 



86 



450 ° C T* 3 to Bft»tt60& JEgltaXfcJfe U/clfcj&Sfc 
"T, 6min ^-c^20Hv^-r^ e *cD&&54min 
Jt^ S t& 5 hr jglfc M#<D«affebi30>^c ?) H 

*to&©:^£^S^i&jt: s .45G' > C-3hr W&tt 

XJtlfl/, 60. 30*rJ:£F15^JEffi^7?«:O-rn^ 

i m a G>*fcft tier 2 wl g ©«iWfc<DR3<c fr^*>&«iLh 
frf *o 




1 10 
An no* I lug Time (hr] 




Fig- 5 Change in hardness during annealing 
at 450°C of the specimen age<iat 450 o C 
f or 3 hr and variously cold-rolled* 



Photo. 7 Change in transmission electron 
microstructurc during annealing at 
4S0°C of the specimen aged at 450°C 
for 3hr and then coid-rolled 60#. 

(a) : many dark hands and ' micro- 
twins, 

(b) : small cell structure in . the vici- 
nity of the dark bands. 

'(c) : more clear cell structure in the- 
specimen aged more longtime. 

(d) : large discontinuous precipitates, 
nucleated in the matrix of the- 
modulated structure and small new* 
subgrain. 
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